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SAIVIE FIFIEAIL L

DESIGN
Compenent Group: Combusgllon Oeviees Preparad:
GIL Item: AQS5.03 Apprved: T Nonyen
Part Number: AOD130(H Appraval Dals:  303/90 |
Companenl: Powerhead [Frase |1+] Change ¥: ’ 4
FMEA Itam: ADEE Directive #: o 1.
Failure Mado: Shet | o propedlant duct uplu-a, 48D MEsDR2iE
Page: 1of1
Pesigit e Dacuinz~t Reference +

FAILURE CAUSE: A Weldiparent materal failure,

THE PHASE ll+ HOT-GAS STRUCTURAL SHELLS ARE FABRICATED FRCM INCOMFL 748, TH'S ALLOY \WAS SELECTED ON THE BEASIZ OF TS STRENGTH AND 54 NSFASTOR T
PERFURMARCE &% CEMOMITRATID ON T9E THREE DUTT FOT-GAS MAKMFOLD CONFISURATION. HYDROGEN EMBEIT TLEMENT PROTECTION FOR THE FARENT MATERLA. 'S NOT
FECLIMED DHE TO LW STRAMLEVELS (1) INCONEL 7° B 'WELD JOINTS EXFOSED TO HYDROGEN AND SUBJEST T PLASTIC ATR4AIN ARE PROTESTED FROM HYOROGEN
ENYIRONMENT ERBRIMTLEMENT WITH WELD QVERLAYS DF INCOLOY 912, WHIGH |5 HYDR DEEM ENVIRUNMERT EMBRITT_EMENT AEGISTAMT. THE PHALE ll+ HOT-GAE RPAKIED)
CERIEN FEATURES TWE LABGE ELLIPTICAL CFUEL SIDE TRAHSFER TUBES AN INCREASED ARFA KAIN INJECTOR TARUS AND FLEL BOWAL, ANTD INCREASED AREL QX I0I7FR, 5I0C -
TRAMNSFER TUBES. ~HESE CES!GN CHARACTERISTICE WERE INCORPORATED TO MPROVE CFERATIMNG CONDITIONS FOR THE MAIM INECTOR AND TLNERCEUMPE BY ACHILYING
WORE UMNFORMHC T588 AND COCLANT VELOCITIEE RESULTING IN RELUMCED MAIN INJESTSH LOX POST LOADING, MINIKIZED TURGINE HOUSING SIDE LOGRS AND REDCED
HPFTF CISCHARGE TEMPERATLIRE AND TRANSYVERSE CELTA PRESSURF. YERIFICATION THAT THE PHASF 11+ STRUCTURAL SHFLL DESIGN COMPLIES WITH ENGINE SEERATICHA
AND STRUCTURAL RECLUIRENENTE WA DASED OM STRUCTURAL ANMD COMPUTATIONSL FLUIR OYNAMIC JCFD) ANALYSES, LABORATORY WATER AND AR FLOVY TESTIMG ey ,{iig; )
ENGINE HOT-FIRE 1EET'NG (31 THE RESULT CF FLUID CYHAMICS SHOWS REGUCED FLOWFIFI N VELDGITIES, IMPROVED FLOW UMIFORMITY, REDUCED STRUCTURAL LoA NG
AMC REJUCED 3YSTEM PRESSURE LOSSES. A ETRENCTH ANALYSIS ‘WAS FERFORMFD T4 VERIFY THE STRUGTURAL INTEGRITY GF THE PHASE I+ HOT-GAS AN FOI 0 -‘
ATRUCFURAL SHELLS THE ANALYSIS VERIFIEQ THE STRUCTURAL CARABILITY OF THE DEZIGN TO MEET ALL STREMGTH DESIGN REQUIRENENTS (2). TINS ANALYELS WS EASEL
QN AN AZSESSMENT £IF THE MOST CRITIGAL EMGINE OPERATING CONDTICMNS WHICH ESTABLISHED THE LIMIT DESIGN PRESSURE ANT THE MAXIMUI FXPECTED DRERATHG
III,P';.I_DS.. ANSLYELRS OF THE HOT-GAS KIANITOLD STRIUSTURAL SHFI. SHOAWS THAT CEN PRIMARY FACTORS OF SAFETY AMDUOW AMD YIGH CYELE FATHZUE REQU'RSIERNTS ARE
AET taj. i

THE PHASE I+ FOWERHEAD CCOLANT SUPFLY DUCTS ARE FABRIGATED FROM INCOLOY 803, THIS ALLGY WAS SELECTED FOR ITS RESISTANCE TO HIGH.FRESSURE HYIROGERN
ENYIRDNMENT FMRRITTLFMENT PROTECTION, SEMI-CORROSION RESISTANCE, RESISTAMCE TO STRESE CORRALION CRASKING AND SATISFACTORT PERFCRVANGE Az
DERONSTRATED ON THE THRER DUCT HOT-G48 MANIFOLD CONFIGURATION. THE PHASE I+ PCYVWERHEAD COOLANT OUCTS DESAGN FEATURES INCREASED WALL 71 ICKINESS AT
THE TLIRF TO TRANSITION RING WELDS FOR REOUCED SENSITRTY TO WELD OFFSET. ANALYSIS OF THE PHASE I+ PGVWERIIEAD DUCTS SHOWS THAT CEr PRINMART r-..:.u::-rquq CF
SAFETY ARE MET. THE ANAI ¥5|3 FOR DUICT LOW AND H'GH CYCLE FATIGUE MEETS CF| REQUIREMENTS (41 THE DUCT PARENT MATERIAL WAS CLEARED FOR FEASTURE
MECHAMIZEMDE FLAW GROWTH SINCF THEY ARE NOT FRACTURE CRITICAL PARTS, EXCEFT FOR THE FLEL AN OXIDIZER CHAMBER ASSENBLIES, HEAT EXCHANGER BOWL 440
HOT 3AS MANIFCLD SHELLS WHICH WERE CLEARED BY CRITWCAL INITIAL FLAYY SIZE DETECTARILITY |18} THE FMEACIL WVWELDS ARE CEEARED FOR II:FQACTUHF I-;EGH#I\'I"S..'N’]E
FLAW GROWTH RY THE WFI N ASSESSMENT (5 TABLE ADSS L'STE ALL FMEAICIL YELDS AND IDERTIFIES THOSE WELDS INWHISH THE CRITICAL INITIAL FLAW SIZE 15 HOT
RETECTABLE AND THUSE VAELDS 11 WHICH THE ROOT SIDF 15 NOT AGGESSIBLE FOR INSPEGT IDN, THOSE WELDS IN WHICH THE GRITICAL INITLAL FLAW SIZE 18 NOT 2171 ¢ [SBLE
ARF AGCEITABLF FOR FLISHT BY FISK ASSSSSUENT i85, ThL POWERHEAD ASSEMBLY HAS COMPLETCD DAVE TESTING 71 ) h T

Jy RES-ESE1-10 (2 RES-DEQ0, RES-EVIA (31 RIS.8ETA; 4] CEI SPAZIRIODI. (5) NASA TASK 1§7; 5] RS3.-5756. iF} RESEAFE
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INSPECTION A..J TEST
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Component Graup:  Combuastion Devlcas Prepared: A BKay
CEL Tbem. ADSS-03 Approved: T: Hguryen
Pad Mumbeer: RoO3001 Approval Dok B/5/99
Component: Powarhead [Phase M) G!'ra‘nge & 4
EMEA llem; ADEE Diracthe #: CCBED ME3I-0Y 5338
Failure Mada: Shell ar propelfant doct naplure.
Page; tof 3
Fahe Cﬂl,'s;!:l- Siarificant Charpstesizticn Inzpedionis} f Tesfis) docume sl Refzrence
A ORg CHAMBER 455 ROI17425
FFRA CHAKBER A55Y RoZ17435
SIMGLF TUREE HEX SHELL FC=0a1
SiMGLE TUBE HEX RZAD0BD
ASSEMBLY
HIT GAS MAMHFOLD [RC3TE02A
DIZER STRIFCTURAL ROdiE0z2
SHELL
FUEL STRUCTURAL SHELL R0 803
FPOWERHEAD ASSEMBLY Fi( B0
PATCRIAL IMTFGRITY FMATERIAL INTEGRITY 15 YERIFIED PER SFECIFICATION RECUREMENT 5. RED17 =103
RED17C-155
REQ17C106
REO1FE-2" 4
REG173-212
ALL FORGIWNI BETAILS ARE ULTRASOMIE INSPECTED PER SPECIFICATION REQUIREMEMT S RADT15-072
iNHER SURFACES {2F THE MANIFD.D SHELLS ARE FENETRANT INSFECTED AFTER CHEM-MILL PER RAD115-1°R
DAMNING AND SEECIFICATION REQUIREMENTE.
THE EXTERIQR GF THE R038051 HEX BOWWL AlD THE RoDTa320 MaMIFOLD ARE PENETRANT RADI1A-11E
INEFFCTFD AFTER KACHINING FER SPECIFICATION REQUIRERMEMT 5.
MAMIFOLD HEAT TREAT IS VYERMFIED PER SPECIFICATION REQUIREMENTS. RAZETY Q20
THE ROC17425 AND R0O1 7425 PREEURMNER CHAMBERS AHE PROOF PRESSURE TESTEDFRIOR TD RN 7435
WELDIMG MTD HOT-GAS MAMIFOLD. RIvys 7425
WELD INTESRITY ALWELDS ARE IMSPESTED TO DRAWING AND SPECIFICATICM REQUIREMENTS PER WELD RLA0011
CLASS. INSPECTIONS INCILNE: VISUAL, DIMENSIOMNSL, FENETRANT RADICIGRAPHIC FA{R07-071
ULFRASDHIL, AND FILLER, MATFRLAL AS APPLICAELE, RAL115- 18
RALCT1R-OD2
RAL115- 27
Fa191 65001
SPECIAL INSPECTICHS ARE PERFORMED OM RO0* 8001 WELDS 51 AND 22 SAELD LAYLER F0130cd
THICKNESS AMO FEENING). RINNTTS
PREDURKERS TQ HOT GAS MANIFOLD WZLDS 1 AND 5 ARE INSCECTED FOR KINT WTEGRI ¥ ROO1 2027

THROUGH INSPECTIONI4CLES ORILLEL 1M PHE E.S. WELES. RLOOTER
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MTERRTY

WEID INTESRITY

AGTEMBLY INTEGRTY

Inzpo tinalsy) Testis)

THE IHCOLOY 203 AND INCOHEE 718 DUCT ING 2,ECES AND FLANGLES ARE PENETRANT INSPECTED
PER SPECIFICATION REQWREMEMTE

INCQNEL T1R FORGEINGS ARE ULTRASOMICALLY IMSPECTED FOR IN1ERMAL DEFELTS. PER
ERECIFICATION RRQUIEFMERNTS.

ROOYER 1 TUBING 'S 1000 ULTRASONIZALEY INSFECTED FOR LOMGI TUDIUAL ANE
CIRCUMFERENTIAL DEFECTS PER SPECIFIZATION RELUJREMENTS,

HEAT TREAT OF THE DUCTING IS WERIFIED FER SPECIFICATION RECUIREMENTS,

ALLWELDS ARE INSPFCTED TO DRAWING AND SPECIFICATION REQUIREVENTS PER WELQD
CLASE. INSPECTIONMS INCLUDE: WMZLAL, DIMENSONAL PEMETRAMT, RADHOGRARHIC,
LLTRAZONIG, AND FILLER MATERIAL, AND OFFSET, AS AFPLICADLE.

PiNERIEAD 8 SEEMBLY ARD QLTS ARF PRODE PRESSLRE TEETED FER SPECIFICATION
REQNRELTNT S

ALL POWERHEAD ASSEMSLY EXTERHAL WELLDS ATE FEMNETRANT INSFECTED AFTER PROCT
PRESSURE TESTING FER DRAN|NG AMD STECIFICATION RECUIREMCNT S,

THE POIAERFEAD IS CLEANED T SPECIFICATION REQUIRFMENTS.

HOT FiRE TESTING AKD ZND E & MINSEECTIONS VERIFY MAMIFOLD HWIEZRI Y.

HELIUM SIGHMATURE TEST PERFOSMED FRICR TO EACH FLIGHT YERIFIES FGEM WAL INTE R v
(LAST TE3T)

Tacurent Hefaence

[AO1ACIE
ROCAE002
RODIF]I"1
FRCCA3003
ReoZ 13004
ROJ1A045
R3005 14
R0t 8005

RAQUIE-11G
RADT1 5017
ALy S-104

FAZEIY 020

RLIGCTT

RAE07-07t
R&ZNS 17K
RAIIE 03
A2 118-127F

001 300
Rl OGR4R

29014071
1512
RFO1-120

RI01 3071
RLAa01
RAIEIO-RIS

RLLOOZD 04
RIS J6
RLCOSS- 07

GMASD S00200.550
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Compongrs B Combysiion Devicea Prepared: B by
CIL Hlem: ABEE-N] Approved: T. Mguyr,
Fart Humber: RHD1 a0 Approval Date: Bramgg
Compeonent: Powerhead {Phase 11+} Changs 2 4
FMEA ltom: A 055 DiraclLive &: CLED MEJ-11-523k
Failure Madke: Shell ar prapellanl duct rupluere
Page: Jal 3
TgilLre fausas Signieear Caa-acierlstics Ispechionis; J/ Testiz) D mart ﬁc*&mnce.?_

Frilure History; Ceqrprehens-ve failure hislory dola iz mai-tasned i the Prohlem Pepacg datobase PRAMES/PRACS)
Referapes: WASA [ellar S421 L3208 and Radortdwne [etler BERTIETEL
Ooeral orallUze; Rod fAppl coble
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WELD JUINTS
Comprnent GroUp: Combustion Deviees Frepared: A Kay
CR ltem: ADEE Approved: T. Mgtryen
Component RO M1 Approval Date: 4G99
FPard Mumbar: Pawerhead (Fhaea 115) Change #; 3 .
A0LE Directwe 2: CCEOMEZN-R218 |
Page: 1of 2
C2rd 'ral Iniim
Root  Flaw Sle Mot
Side Wt Deteciabde
Componar Basic Panl MNuke:: W Nurrber Weld Tepe  Glass Aocese HCF o LCF Commean's
QXIH7ER PREBURNER LINER ROa11582 12RT EBwW | ¥ T
OXI[H?ER PREBURNER LINER ROJ17R2 T} CTAW | X
OX\DIZER PREELIRMER LINER R 582 20PT) EBN I X
Ox'DIZFER PREBLRMER LINER RO 1582 0TI GTAW | X
FUEL FREEL'RHER _IMNER RO1T4Z8 1 6] EALTES I
EB\W
FUEL PREEL'RNER _INER RO117428 2 CTAWOR |
E= 3

POWERHEAN F018001 1 GTAW | X X x
POWERHFAD R113107 3 TR I X b X
POWERHEAN ROG18301 ] GTaN [ i
POWERHFAD RA13207 -] GETAwY |
POWVWFRAHEAD RO213301 7 GTAW J X
POVEAHEAD Faa18a701 & GTAW ' X A X
POWERMEAD FO018301 3 CTaW t * A X
FPO\WERHEATY RO018101 I GTaAW ' X X X
FONERHEAD RO¥4a13001 11 GTaw ! X LS X
PONWERHEAD Ra180¢1 1=z ST 1 X X x
FOWERHEAD R3313001 12 GTAYY 1 X X
POWERHEAD FRO0132071 16 GETAYY I X
PONWERHEAD ROD13A01 17-24 GTAW L] x X
PCWERHEAD R13a01 P GTAYY Il X
FCWWERHEMND RO 1301 B9 aGTAn Il S
FCWERHEAD RO018201 1] GTAY Il 1 x
FIWERHEAD ROT13367 5T-52 EBwWiGTAY SONEN X X X
FANERHFAD RO013007 a3 GTaw i
PrCAVERHEAD ROQI307 o4 GTAW |
FFRE FLEL SUPPLY DLICT RO 02 1 GTAVY |
FPE FUEL SURFLY DUZT ROO1EGG2 z 3TAW | X
FFH FLEL 3UPFLY DUCT RODIAID 3 GTAW | LS
FER FUEL SUPFLY DUCT 001202 1 GTAY | * X A
FPE FLEL 3URPLY DUCT RO013202 B GTAW | i ¥
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Component Groop:  Combustion Cevices 'RLTEITRTS 5

GIL Heny ADSE Appraved: TI.I Nléuyen
Componeant: RO1180D7 Appraval Data: LT
Part Mumber, Poworhead (Phase 1) Changa #: 3
ADSS Diractivs #: CCBD NE3-01-5228
Page: 2of 2
CHlical (ndlal

RW{ Flaw -EiZE Nl:'t
O de Ny Detectabls

Cargeren R Perd Mumber Wald Nu=ber Weld Typs Class Acesse  HCOF LCF Catumernrs
FPH FUEL SUPELY QUCT P2 1 002 & ESThlY I X X
PRFELRMER FUZE SLPPLY DLCT R 04 1 STAVNY |
FPREBLURMER FLIEL ELPRLY DLCT  RE0&0Cd 2 GETaN I
H3M COOLART SUPPLY CLICT RO 134011 1 GTA I
HE3M OO0l AN SUPPLY CLICT RNo13a11 P, GTAL |
HOT GAS MAHIFZLD R013027 1 = HOME X X
HIT GAS MAMIFCLD RF15)27 z =Ly ROME x X x
HOT GAS MAaMIFCLD 13023 3 EBRWY Il X X x
HCT GAE MAMIFCLD LELL T RE: 1N 4 EBW Il X *
HOT GAE MaMIFCLD ROQ12027 5 FRW) KOME X *
HOT SAs MAMIFTCLD 0012023 [ FR'¥) NOM= X * X
HOT Gal MARIFCLD F001302d T FRY) Il X b x
FROT GAS MAMIFDLOD AO015027 B EBY! I b X x
ST GAR MAMIFOLD RiHp 12027 g-10 ERW [ * x
HET SAS MAMIFOLD RO1202] ROG-ROZE RO3A%] 12858 212 LER N I - X
HET GAS MAMIFOLD R12023 16 ATAVWERA 1 x i x
HOT GAS BAMIFOLD ROD 3020 17 ERM! b x
HOT GAS MAMIFDLD RO 1A023 1RAGRT GTAW | A X x
HZT GAS MAMIFOLD A0012023 %) T AW | X X
HAT OAS MAMIFOLD RO 18022 L1} GTAW I x S X
HCOT GAS MAMNIEDL 1 Aoa12073 L1 GTAW | 4 X x
HCT GAS MANIFOLD R 13021 | GTAW I x X X
FUEL HALF SHELL HGM Rion 15021 187 EBVLGTAW | ¥ X
FUOEL HALF SHELL MSH ROA3021 2 GTAW I
FLEL MALF SHELL HEM Fod a2 4 EBEY |
FUEL HALF SHELL H3M RaD 21 ] ERY | 1
OXIDIZER HALF SHELL HGM RO 130322 5 ER | S x
HOT Gas MakFoLD RO3020 22 GTAW 1 " X X
'
RSE
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Page:
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1. Roiaci1-11
INCORFDORATES CORMGINCO
DETAILS ELIM'HAT NG 10 VLD
THHTS.

7 OADEE O MO RATIONALE
E-FEITEL.

PCWERHESD COMNFRSURATIONS
EXIST WITH FABRICATED
CODLANT DUCT SUE
ASSENBLIES REQLIRIMNG

A TICHAL WELD FORTS

IMPROVED HARDWARE RELIARILITY OUE TO THE CLIMIMATHIM OF 140 WELD
JOIMTS. CEIRELQUIREMENTS AHE RAIMTAINEL.

POWERHEADS EXIST UTIL 21NG
TrE COMBINED FOLIR 20ME
PROOF PRESSLAE TEST FROM
THE HOT GAS MAMNFILD. CEI
MRECQUIREMENTS ARE

K AIMTAINEL,

HOT GAS MANIFOLD FROOF PRESELRE TEST ACCOMPLISHED EFPARATLCLY
PRIOR TO SO0 AMT RLUCT AND MAIN IMIECTOR [NSTALLATION.

FRO118011-1

RO 33121

FeoW)- 2343 1

At gant 651 701, -
31 -E91, -1001.

ROQ12CCL-B81 -7CA, -
e = Y 1o



